The genus Xenorhabdus was first described by Thomas & Poinar (1979) . The bacteria of this genus share the feature of being symbiotically associated with insect-pathogenic nematodes of the genus Steinernema (Travassos, 1927) . The bacterial symbionts have been shown to contribute actively to the biological cycle of their host. The genus Xenorhabdus currently comprises 21 species Nishimura et al., 1994; Lengyel et al., 2005; Somvanshi et al., 2006; Tailliez et al., 2006 Tailliez et al., , 2010 .
During the characterization of Steinernema australe, a novel species of insect-pathogenic nematode isolated from Isla Magdalena, Chile (Edgington et al., 2009) , bacteria were obtained from haemolymph of an infected Galleria mellonella (L.) moth, and isolated by plating on nutrient agar supplemented with 0.004 % (w/v) triphenyltetrazolium chloride and 0.0025 % (w/v) bromothymol blue (NBTA medium) at 28 u C (Akhurst, 1980; Koppenhöfer, 2007) . Several morphotype colonies were submitted to 16S rRNA gene sequencing and one of these, which turned out to belong to the genus Xenorhabdus, was studied in more detail. The isolate, IMI 397775 T , was examined for the main phenotypic characteristics of the genus Xenorhabdus using the methods of . Isolate IMI 397775 T was stored at 280 u C in LB broth containing 15 % glycerol (v/v) . Additional aliquots of the isolate have been cryopreserved in liquid nitrogen, whilst others have been lyophilized according to the method described by Smith et al. (2001) for long-term storage. Phylogenetic analysis of isolate IMI 397775
T was based on a multigene approach including four universally conserved protein-coding sequences (recA, gyrB, dnaN and gltX), as described previously (Tailliez et al., 2010) , plus a fifth gene sequence (infB, encoding the translation initiation factor IF-2) which improved the robustness of the Xenorhabdus phylogeny (in comparison with the results of Tailliez et al., 2010) . This gene was selected from the list of genes that reflect organismal phylogeny through vertical descent in the case of the Gammaproteobacteria and published by Lerat et al. (2003) . The infB gene fragment (1.7 kb) was amplified using primers infB1 (59-AGCGTGAAGCGGAAGAGCA-39) and infB2 (59-GATTTCTGCTGRCGAGCCAGT-39). The PCR conditions were as follows: 35 cycles of amplification, after an initial 5 min denaturation step at 94 u C; each cycle consisted of 1 min at 94 uC, 2 min at the annealing temperature of 60 u C and 2 min at 72 u C. The sequencing primers were infB1, infB2, infB3 (59-GCTTCTTCRCG-ATCWGCTTT-39), infB4 (59-AAAGTTATCCTGCGTCGT-GA-39) and infB5 (59-TCTTVACGCGATCYGGATCAGC-39). The phylogenetic analysis was done as described previously (Tailliez et al., 2010) using distance trees but also maximum-likelihood using PhyML (Guindon & Gascuel, 2003) . The analysis was also conducted with the 16S rRNA gene sequence for comparison with previous analyses (Tailliez et al., 2006 (Tailliez et al., , 2010 (Fig. S1 , available in IJSEM Online). We determined more precisely the phylogenetic position of this new isolate using a multigene approach. For the five universally conserved protein-coding sequences tested (Figs S2-S6), isolate IMI 397775 T formed a monophyletic group including Xenorhabdus doucetiae and X. romanii, the symbiotic bacteria associated with Steinernema diaprepesi and S. puertoricense, respectively, except for gyrB (Fig. S2) , for which the sequence of X. romanii PR06-A T was more closely related to that of Xenorhabdus beddingii Q58 T , suggesting a lateral gene transfer (Tailliez et al., 2010) . Using the concatenated sequences of these five genes ( Fig. 1) , the phylogenetic position of the new isolate was confirmed as a representative of a sister species of X. doucetiae and X. romanii. The nucleotide similarity between IMI 397775 T and X. doucetiae FRM16 T and X. romanii PR06-A T calculated for the concatenated sequences of the five gene fragments (recA, gyrB, dnaN, gltX and infB), encompassing 4275 nt, was 94 %. We considered previously that Xenorhabdus strains or isolates that share less than 97 % sequence similarity calculated on the basis of concatenated sequences of four gene fragments (3395 nt) do not belong to the same species (Tailliez et al., 2010) . The threshold of 97 % remains valid for five gene fragments, as the most closely related species, Xenorhabdus budapestensis and X. cabanillasii, share 96.5 % similarity over the five gene fragments, instead of 96.9 % with the four gene fragments studied previously. Thus, on the basis of this analysis, we propose that isolate IMI 397775 T represents a novel Xenorhabdus species, Xenorhabdus magdalenensis sp. nov.
Phylogeographic origin of IMI 397775
T and its host, Steinernema australe
The phylogenetic analysis based on our multigene approach showed that X. magdalenensis sp. nov., X. doucetiae and X. romanii share a common ancestor. In the same way, the phylogenetic analysis of D2/D3 28S rRNA gene sequences of Steinernema (Edgington et al., 2009) showed that the respective nematode hosts of X. magdalenensis sp. nov., X. doucetiae and X. romanii also share a common ancestor, suggesting co-speciation events. Steinernema brazilense, a newly described Steinernema species (Nguyen et al., 2010) , also belongs to this clade, but its bacterial symbiont is not yet characterized. These four Steinernema species, which should have a common ancestor on the basis of rRNA gene sequence analysis, were collected in South America, Central America and in the south of North America, and are probably endemic to the American continent. Fig. 1 . Maximum-likelihood phylogenetic tree calculated from five concatenated proteincoding sequences (recA, gyrB, dnaN, gltX and infB). The maximum-likelihood analysis was carried out with the general time reversible model of substitution with gamma-distributed rate heterogeneity and a proportion of invariant sites determined for all five protein-coding sequences by jModelTest to best fit with the data using the AIC criterion (Posada & Crandall, 1998 2  2  2  2  2  2  2  2  2  2 2 2  2  2 2 2  2  2  2 
Phenotypic characterization of isolate IMI 397775
T Isolate IMI 397775 T was Gram-negative and had no catalase, nitrate reductase, oxidase or haemolytic activity. The lack of catalase and nitrate reductase activities allows differentiation of the genus Xenorhabdus from the other genera of the family Enterobacteriaceae (Akhurst & Boemare, 2005) . Xenorhabdus species may produce two forms of colony on agar media (Akhurst, 1980) . Primary-form variants are isolated from the intestine of infective-stage nematodes and are unstable in vitro, producing the secondary form. Thus, the colonies of IMI 397775 T studied had the typical phenotypic traits of secondaryform variants, i.e. dyes were not absorbed by colonies from NBTA and no antimicrobial compound was detected using Micrococcus luteus as indicator organism. Moreover, colonies were not pigmented and had no lecithinase activity, two other traits that may also be associated with secondary-form variants . Following this analysis, a new isolation of a primaryform variant from infective juveniles was attempted. However, this proved to be unsuccessful because of the loss of viability of the nematode host present in the INRA collection. Isolate IMI 397775 T was distinguished from X. doucetiae FRM16 T and X. romanii PR06-A T by several phenotypic traits (Table 1 ) and its upper temperature limit for growth (34-35, 40-42 and 37 u C, respectively) (Tailliez et al., 2006) , in agreement with the optimal temperature of their nematode hosts [around 23 u C for S. australe (Edgington et al., 2009 ) and 27-28 u C for S. puertoricense (Román & Figueroa, 1994) ].
Description of Xenorhabdus magdalenensis sp. nov.
Xenorhabdus magdalenensis [mag.da.le.nen9sis. N.L. fem. adj. magdalenensis from Isla Magdalena, Chile, the source of the nematode S. australe (Edgington et al., 2009) , from which the type strain was isolated].
Has no catalase activity and is not able to reduce nitrate. Growth in LB broth is stopped by temperatures above 34-35 u C. Colonies are not pigmented and show DNase activity. Acid is produced from glucose, mannose, aesculin, maltose and trehalose. Able to assimilate glycerol, glucose, D-mannose, N-acetylglucosamine, maltose and trehalose, as are the majority of 76 Xenorhabdus strains studied previously (Tailliez et al., 2006) . Positive for hydrolysis of Tweens 20, 40 and 60 and negative for hydrolysis of Tweens 80 and 85. Can be differentiated from X. romanii by its DNase activity, its inability to assimilate and to produce acid from fructose and its ability to assimilate and produce acid from aesculin. Can be differentiated from X. doucetiae and X. romanii by its inability to assimilate inositol and D-gluconate.
The type strain is IMI 397775 T (http://www.cabi.org/; microbiologicalservices@cabi.org) (5DSM 24915 T ).
